
Discussion PWA
• Spontaneous discussion

• Questions of interest for PWA:
1) Contributed questions: 

• ANL/Osaka web site: https://www.phy.anl.gov/theory/research/anl-osaka-pwa/. [T.S.H. Lee]
• Roper-like Resonances – Why interesting? [A. Hosaka]
• More on experiments at J-Parc (pions, kaons) [T. Ishikawa]
• Pentaquarks at J-PARC [H. Nuomi]
• Phenomenological  amplitude parametrization [G. Ramalho]

2) How helpful can the combined amplitude analyses of exclusive meson photo- and electroproduction data be in providing 
evidence for new N* states that exist in Nature but are not included into the amplitudes used to fit the data, in particular, to help 
interpret the data at W>1.8 GeV in identifying hybrid baryons and “missing” resonances?

3) Methods: Opportunities for the global multi-channel analyses to determine N* electroexcitation amplitudes from Nπ, Nη, KΛ, KΣ, 
π+π-p electroproduction data a) at Q2<5.0 GeV2 (available from CLAS), b) at Q2<10 GeV2 (expected from CLAS12) analyzed 
combined with the relevant data on the photo- and hadroproduction of the final states mentioned above. What is the importance 
of spin observables and how can they increase the capabilities of such approaches to constrain the resonance vs. non-
resonant contributions. 

4) Methods: How to connect the Amplitudes Analysis from the pion-induced sector to that of the electromagnetic (electron/photon 
beams) sector (especially 2-pion production)

5) Data: Which data on exclusive meson hadroproduction with meson beams can be obtained within 5-10 years and expected 
impact from these data on extraction of resonance electroexcitation amplitudes from global multichannel analyses described in
3)?

6) Data: Will density matrix elements be of use as they form constraints on the bilinear combinations for the helicity amplitudes?

[Mokeev, Doering]

https://www.phy.anl.gov/theory/research/anl-osaka-pwa/


Discussion PWA – contd.
7)  
Method: Urgent need for the development of the reaction model(s) capable of determining γvpN* 
electrocouplings from the exclusive KΛ and KΣ electroproduction channels needed as an important part of 
theory support for the experimentalists efforts to search for new states of the baryon matter.
8)
Methods: Can the AA-PWA framework developed for nearly model-independent determination of the 
pseudo-scalar meson-baryon photoproduction amplitudes be extended to determine the amplitudes of the 
pseudo-scalar meson-baryon electroproduction channels? [Y. Wunderlich]
9)
The prospects to determine electroexcitation amplitudes for nucleon resonances excited off free neutrons at 
rest from the data on π-p differential cross sections off neutrons bound in deuterons at W<1.8 GeV and at 
Q2<1.0 GeV2.
10) 
Data base issues: 

• Uncertainties dominated by consistency issues of different measurements
• How to deal with inconsistent data? Data pruning? Older vs. newer data. 
• Energy/Q2-dependent analyses never achieve a good chi2 - can we ever get to the point of assigning a 

significance to a resonance (e.g., 3-sigma)?











Isospin partner of Pc's at the J-PARC high-
momentum beam line:
J-PARC can provide 
𝜋𝜋−𝑝𝑝 → "𝑃𝑃𝑐𝑐0" → 𝐽𝐽/𝜓𝜓𝜓𝜓, 𝑌𝑌𝑐𝑐

∗ 𝐷𝐷(∗),
which may provide different information from those given by 𝛾𝛾-induced 
reactions through s-channel formation process.

• Unknown information related to the cross section on
• 𝜋𝜋𝜋𝜋 coupling to 𝑃𝑃𝑐𝑐
• ̅𝑐𝑐𝑐𝑐 component in 𝜋𝜋∗

• mixing ratio of 𝑞𝑞𝑞𝑞𝑞𝑞 ̅𝑐𝑐𝑐𝑐 to 𝑞𝑞𝑞𝑞𝑞𝑞
would be provided.

• branching ratio of 𝑌𝑌𝑐𝑐
∗ 𝐷𝐷(∗) to 𝐽𝐽/𝜓𝜓𝜓𝜓 may give us a hint if 𝑃𝑃𝑐𝑐 is a molecular 

like state.
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• 𝑃𝑃𝑐𝑐0 : s-channel formation with 10-GeV/c π− on p

• Cross Section: <1 nb?
• Γ𝜋𝜋𝑁𝑁/Γ𝑡𝑡𝑡𝑡𝑡𝑡~ 10-5 ?
• Γ𝑗𝑗/𝜓𝜓𝑝𝑝/Γ𝑡𝑡𝑡𝑡𝑡𝑡~0.05 ?
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𝑃𝑃𝑐𝑐0 at J-PARC
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Data base in pion electroproduction
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